The results of this study demonstrated the viability of embryos obtained from in-vitro maturation of bovine oocytes followed by in-vitro fertilization and culture to the blastocyst stage in vitro.
Introduction
In-vitro fertilization of oocytes would have a major impact on bovine embryo transfer (Brackett et al., 1982; Brackett, 1983) . A wide variety of culture media has been used but only limited in-vitro development of preimplantation cow embryos has been reported (Brock & Rowson, 1952; Thibault, 1966; Brinster, 1968; Sreenan, 1968; Sreenan et al., 1968; Onuma & Foote, 1969; Seidel et ai, 1971; McKenzie & Kenney, 1973) . Tervit et al. (1972) (Renard et ai, 1976; Wright et al., 1976a, b; Boone et ai, 1978; Flechon & Renard, 1978; Massip & Mulnard, 1980) . However, development of early cow embryos in vitro has generally been arrested at the 8-to 16-cell stage (Eyestone et ai, 1987a, b) . One of the breakthroughs to overcome this problem was the finding of a co-culture system for the culture of early bovine embryos fertilized in vitro. Co-culture of bovine embryos with bovine fibroblasts promoted embryo hatching and attachment in vitro (Kuzan & Wright, 1982) . Camous et al. (1984) reported that successful culture through the 8-to 16-cell block required the presence of an active biological component such as Day-14 trophoblastic vesicles. Voelkel et al. (1985) found that the bovine endometrial fibroblast monolayer system was excellent for both short-and long-term culture of halved bovine embryos. Eystone et al. (1987b) obtained the development of bovine embryos (5-to 8-cell) into blastocysts in a co-culture system utilizing oviducal epithelium.
In contrast, Kajihara et al. (1987) (Whittingham, 1971) and once with the maturation medium (25 mM-Hepes TCM 199 with Earle's salts; Gibco, Cat. 380-2340, NY, U.S.A.) supplemented with 5% neonatal calf serum (Gibco, Lot. 22P-4457), the oocytes (60-90 oocytes) surrounded by cumulus cells for more than one-third of their surface ( Fig. 1) were introduced into the maturation medium (2-5 ml), covered with paraffin oil (Nakarai Chemical, No. 26117, Kyoto, Japan), in a polystyrene culture dish (35 M/M, Termo, Tokyo, Japan) and cultured for 19-22 h in a C02 incubator (5% C02 in air) at 39°C. Sperm preparation. Frozen semen prepared from epididymal spermatozoa in 0-5 ml plastic straws was thawed in hot water (32-35°C) and then washed 3 times with BO medium (Brackett & Oliphant, 1975) without bovine serum albumin but supplemented with 5 mM-caffeine by centrifugation at 700 g for 5 min. Then the spermatozoa were preincubated for 2-3 h in a C02 incubator (5% C02 in air) at 39°C as a 110 µ microdrop (15-18 IO6 cells/ml) in BO medium containing bovine serum albumin (5 mg/ml; Sigma, A-4387, St Louis, MO, U.S.A.) and caffeine (2-5 min) before insemination. The microdrops were covered with liquid paraffin.
Insemination and subsequent culture. The method used was similar to that of Kajihara et al. (1987) . Briefly the following procedure was used. After incubation for 19-22 h the cumulus-oocyte complexes (Fig. 2) were transferred to the sperm microdrop (about 15 oocytes/microdrop). After 6 h of insemination, the ova with cumulus cells were transferred into the development medium (25 mM-Hepes TCM 199 supplemented with 2-5-10% calf serum) and cultured for further development in a C02 incubator at 39°C. The culture medium (2-5 ml) in a polystyrene dish (35 M/M) was covered with liquid paraffin. The cumulus cells surrounding embryos were removed by pipetting after insemination for 72-96 h but the cumulus cell layer (forming a monolayer at this time) attached to the bottom of culture dish was not removed and the embryos were cultured on this layer. The incubation medium was replaced with new medium every 36-48 h. All of the culture media used were supplemented with antibiotics (100 i.u. penicillin/ml + 100 µg streptomycin/ml). The embryos were examined under the microscope every 24 h after the removal of cumulus cells from the embryos. Maturation and fertilization rates. Some of the ova used were randomly picked up for the calculation of maturation and fertilization rates. Maturation and fertilization rates of ova were examined 23-24 h after maturation and 20 h after insemination, respectively, after fixing ova in methanol : acetic acid (3:1, v/v) and then stained with 1% aceto-orcein for microscopic evaluation. The ova exhibiting a metaphase II chromosome figure with the first polar body (Fig. 3) were regarded as matured. Ova which had one set of male and female pronuclei and one sperm tail (Fig. 4) 
Results
The maturation rate of oocytes examined after 23-24 h of incubation was 82-9% (63/76). The fertilization rate examined after 20 h of insemination was 630% (160/254).
After in-vitro maturation and fertilization (6 trials), 25% (171/684) of oocytes used developed to at least the 8-cell stage by 3^4 days after in-vitro fertilization. At 5-6 and 7-8 days after in-vitro fertilization development to morulae and blastocysts was 211% (144/684) and 151% (103/684), respectively.
The results of the embryo transfer are shown in Table 1 . A female calf (41 kg) born to Cow 4 appears to be completely normal.
Discussion
In-vitro fertilization of cow ova began in the 1970s (Edwards, 1973; Bregulla et ai, 1974; Iritani & Niwa, 1977; Brackett et al., 1978) and, in 1981, the first calf was born after in-vitro fertilization (Brackett et al., 1982) . Although other calves have since been born (Brackett et al., 1984) , the technology used has been considered unsuitable for field application. This is mainly due to the surgical approach that was required for the recovery of ova and for the transfer of embryos to the oviduct of recipients. Lambert et al. (1986) obtained calves by using in-vivo matured follicular oocytes collected by laparoscopy and by incubation of the in-vitro fertilized eggs in rabbit oviducts before surgical or non-surgical transfer to the uterus of recipient heifers. Hanada (1986) obtained calves from follicular oocytes matured and fertilized in vitro followed by incubation of embryos in rabbit oviducts before non-surgical transfer to the uterus of cows.
In the present study we have obtained pregnancies from cow oocytes which had bee.i matured, fertilized and developed in vitro by utilizing a co-culture system with bovine cumulus cells before their non-surgical transfer to the cow uterus. We have obtained a high rate (83%) of nuclear maturation in our culture system. This is partly due to the fact that cumulus cells surrounding the oocyte expanded well during the maturation process. The importance of cumulus expansion during the maturation process has been suggested by Ball et al. (1984) .
Although the percentage of embryos developed to blastocysts was low (151%), the results of this study have verified the viability of embryos (blastocysts) developed in a co-culture system with bovine cumulus cells. Further trials have resulted in 5 pregnancies out of 11 recipient cows which had received frozen-thawed blastocysts (2-3 blastocysts/recipient) obtained from the same method described in this paper. One out of 5 cows was carrying twins. Therefore, the blastocysts obtained from our culture system can be stored in liquid nitrogen.
The method described in this paper seems to be a simple and practical way to obtain calves from in-vitro fertilization. Furthermore, culture systems such as that described here should prove useful for studies of early embryonic development in vitro and for the application of embryonic manipulation procedures.
